Type VIII collagen was initially detected in cultured endothelial cells (Sage et al., 1980; Benya, 1980) but was later observed in human fibroblasts and in cell lines derived from astrocytoma, Ewing sarcoma, and several carcinomas (Alitalo et al., 1983; Sage et al., 1984) . However, the association and distribution of this collagen in tumour tissues are still unknown. This collagen type was preferentially recovered from rapidly proliferating or migrating cells (reviewed in Sage & Bornstein, 1987) . Moreover, it was synthesised by endothelial cells forming capillary tubes (Sage & IruelaArispe, 1990) . It was concluded from these results in vitro that type VIII collagen might function in endothelial cell differentiation and angiogenesis (Sage & Iruela-Arispe, 1990) , and that it might be selectively expressed during tissue development and/or repair (Kapoor et al., 1988) . In support of this hypothesis, the distribution of type VIII collagen appeared to be restricted to specialised extracellular matrices in foetal calf and mouse mesodermal and neuroectodermal tissues, including periosteum/perichondrium, sclera, calvarium, meninges and around superficial spinal astrocytes (Kapoor et al., 1988; Sage & Iruela-Arispe, 1990; Sawada et al., 1990) . In view of its selective expression and attendant functional implications, we studied the distribution in vivo of type VIII collagen in the normal brain, in brain tumours, and in a variety of cerebral disorders with vascular abnormalites. Our results indicate that type VIII collagen is absent or present at very low levels in the normal adult human brain. In a significant number of brain tumours, however, we found that type VIII collagen was expressed specifically in blood vessels.
Materials and methods
The following human autopsy materials were studied: normal brain tissue (frontal cortex including leptomeninges, lentiform nucleus, cerebellum and pons) from nine subjects dying from extracerebral causes (age 26 to 71 years; mean 54 years); hippocampal formation from five patients with Alzheimer's disease showing numerous neurofibrillary tangles, senile plaques and amyloid angiopathy; medulla oblongata from five patients with Leigh's disease; and thalamus and mammillary bodies from five patients with Wernicke's disease. Histopathologic features of the latter two disorders include neuronal loss, gliosis, spongy loosening of the neuropil ('spongiosis') and prominent vasculature. Surgical biopsy materials from 52 brain tumours (listed in Table I ) and from four leptomeningeal and/or cerebral angiomas (two cavernomas and two arteriovenous malformations) were also investigated.
Polyclonal antibodies against native type VIII collagen (pepsin-resistant fragments of 50 kD from bovine Descemet's membrane) were raised in rabbits as described previously (Kapoor et al., 1986) . By both immunoblotting and ELISA, the immunoglobulin G fraction showed reactivity specifically toward type VIII collagen and did not recognise collagen types I-VI, bovine serum albumin, laminin or fibronectin (Kapoor et al., 1986 74 years) were studied by immunoblotting. Tissues were frozen within 1 h after surgical resection (glioblastomas) and 6 h after death (normal brains) and were stored for up to 3 months at -70°C. Extraction of type VIII collagen from tissues and subsequent immunoblotting were performed essentially as described previously (Kapoor et al., 1986; Sage & Iruela-Arispe, 1990) (Figure 1-3 ). This staining pattern occurred particularly around extensively proliferating vascular cells of malignant gliomas ('pathologic vessels'). A more frequent observation in the tumour vessels was an extended, fibril-like labelling pattern: in some cases, we saw a nearly linear, homogeneous staining of the vessel wall ( Figure 3 and 4) . The extended staining pattern was seen either in the adventitia alone or in all sub-endothelial layers of fibrosed vessels, but only rarely in pathologic vessels characterised by abundant cell proliferation. Capillaries which appeared to be normal were always unstained (Figure 4) . Vessels that stained positively with the anti-type VIII collagen antibody were often clustered and large areas without (Figure 5 ). Brain tissue surrounding seven gliomas and two meningiomas showed no immuDostaining. All angiomas harbored abnormal vessels that contained more extensive deposits of type VIII collagen (Figure 6 ).
Control brains including areas with atherosclerosis lacked apparent immunoreactivity (Figure 7) . No staining was evi- dent in the cases of Alzheimer's, Leigh's and Wernicke's disease. Labelling of bovine cornea for type VIII collagen was restricted to Descemet's membrane, while the corneal stroma and the epithelial basement membrane were unstained (Figure 8 ). These results have been summarised in Table I. Immunoblotting of glioblastomas revealed two bands at 56 kD and 67 kD (Figure 9 ). The ratio between the two bands differed both among the tumours and within single tumours. Most specimens showed major 56 kD bands, but in some areas of tumour the 67 kD band was the major one ( Figure 9 , Lane 7). In contrast to the immunohistochemical findings these two bands were also present at low levels in normal human brain (Figure 9 , Lanes 1 and 9). No bands were observed when normal rabbit serum was substituted for the primary antibody. 
Discussion
Focal expression of type VIII collagen was seen in abnormal vessels in 40 of 52 brain tumours. In contrast, immunoreactivity was not observed in brain tissue from normal subjects and from patients with atherosclerosis, Alzheimer's, Leigh's and Wernicke's diseases. Immunoreactivity for type VIII collagen within the tumours was usually restricted to the abnormal vasculature, whereas. extravascular mesenchymal immunolabelling was rare. Tumour cells were consistently negative. These results indicate that distinct types of cerebrovascular pathology are associated with the expression of type VIII collagen. By immunofluorescence, this collagen type has been detected in normal developing mouse vessels (Sage & Iruela-Arispe, 1990 ), but not in adult bovine aorta (Sawada et al., 1990) . The cellular composition and the growth characteristics of glioma vessels resemble those of embryonal brain vessels at the levels of the light and electron microscope (Hirano & Matsui, 1975; Weller et al., 1977; Schiffer et al., 1989) . Both type VIII collagen and endothelial buds, the latter characteristic for embryonal and some neoplastic vessels, were absent from the following non-neoplastic cerebrovascular disorders, examples of which included (1) fibrosclerosis; (2) Alzheimer's disease showing amyloid deposition, abnormalities in capillary morphology (kinking and looping) and ultrastructure and in vessel number (Scheibel et al., 1986; Fischer et al., 1990) ; (3) Leigh's and Wernicke's disease with increased vessel size and abnormal endothelial cells. Our studies indicate that the expression of type VIII collagen in certain brain tumours might mimic that seen in the developing mammalian embryo. However, some large fibrosed vessels in angiomas and some tumours lacking massive endothelial proliferation also expressed type VIII collagen. This finding could reflect aberrant regulation in the turnover of type VIII collagen in these abnormal tissues (Sage & IruelaArispe, 1990) .
A variety of immunoreactive bands ranging from 15 kD to 250kD has been found in embryonal and neonatal mouse tissues with the same anti-type VIII collagen antibody (Sage & Iruela-Arispe, 1990 ). In the present study, immunoblotting of glioblastomas showed two bands at 56 kD and 67 kD. The 67 kD band may correspond to the 65 kD band of embryonal mouse heart and brain, and the 56 kD band to the 55 kD band of embryonal mouse heart (Sage & IruelaArispe, 1990 ). The 125 kD band present in embryonal mouse brain was not detected in these samples. That immunohistochemistry failed to detect type VIII collagen in the normal human brain indicates that the methods of detection that we used have differential sensitivity. Concentrations of type VIII collagen in the normal human brain may be too low to be detected by immunohistochemistry; alternatively, the collagen could be masked by other extracellular matrix components in adult tissues (Iruela-Arispe & Sage, submitted for publication).
The distribution of type VIII collagen in normal and neoplastic brain is quite different from that of other collagen types. Mesenchymal structures within the normal human central nervous system, i.e., vessels, meninges, external glial limitans and choroid plexus stroma, contain collagen types I and III-VI Rutka et al., 1988) . These collagen types have also been found in mesenchymal and glial brain tumours (Bellon et al., 1985; Rutka et al., 1987; McComb et al., 1987; Oda et al., 1988; Paulus et al., 1988) . Although quantitative changes have been reported in the diseased brain vasculature, e.g., type VI collagen in chronic hypertension and type III collagen in aneurysms (Ostergaard & Oxlund, 1987) , the absence of a collagen type in normal brain and its presence in pathologic conditions has not been shown. In this regard it is interesting that type I procollagen has been detected in the neoplastic mesenchymal proliferations of glioblastomas and gliosarcomas, but not in normal brain (Paulus et al., 1988) . The presence of this precursor from of type I collagen, a nearly ubiquitous component of the connective tissue interstitium, is indicative of de novo synthesis of extracellular matrix. We have found that the synthesis of type VIII collagen often precedes or is concomitant with the expression of type I procollagen in certain embryonic tissues or during angiogenesis in vitro (Sage & Iruela-Arispe, 1990 ; IruelaArispe & Sage, submitted for publication).
Many questions regarding type VIII collagen are presently unanswered. The marcomolecular structure is complex and may involve several distinct alpha chains (Kapoor et al., 1986; Yamaguchi et al., 1989; Sawada et al., 1990; Sage & Iruela-Arispe, 1990) . Although type VIII collagen has recently been shown to form the hexagonal lattices of Descemet's membrane (Sawada et al., 1990) , ultrastructural information on its role in other tissues is lacking. Our study poses additional questions: What are the functions of type VIII collagen in neoplastic evolution and angiogenesis? Which cell types are responsible for its synthesis? What is the electron microscopic correlate of the punctate appearance in tumour vessels? Future studies will address the structure, function and pathologic significance of this unusual collagen type.
